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METHOD FOR FORMING 
BIT LINE OF FLASH DEVICE 



BACKGROUND 

Field of the Invention 

[0001] The present invention relates to a method for forming a bit line of a flash 
device and, more specifically, to a method for forming a bit line of a flash device capable of 
reducing a crosstalk phenomenon by significantly holding an interval between bit lines. 

Discussion of Related Art 

[0002] In a flash device with a level of 100 nanometers (nm) or less, an interval 
between bit line patterns is gradually decreased as a pattern size of an underlying element is 
decreased, whereby a RC delay caused due to coupling capacitances has been looming 
large as a serious problem. 

[0003] Shown in Fig. 1 is a cross-sectional view illustrating a problem due to a 
decrease in an interval between bit line patterns of the conventional flash device. Referring to 
Fig. 1 , metal films such as a lower word line W/L, neighbor bit lines B and C, and an upper 
metal line M2 are coupled with a bit line A to form coupling capacitances. The word line W/L 
and the bit line A are electrically isolated by a first interlayer insulation film, and a first inter- 
capacitance C01 is formed therebetween. In addition, the bit line A and the neighbor bit lines 
B and C are electrically isolated by a second interlayer insulation film, and a second inter- 
capacitance C1 1 is formed therebetween. In addition, the bit line A and the upper metal wire 
M2 are electrically isolated by a third interlayer insulation film, and a third inter-capacitance 
C12 is formed therebetween. 

[0004] The calculation of coupling capacitances associated with the bit line A using 
a SAKURAI Model is as follows: "D" indicates an interval between the word line W/L and the 
bit line B/L; T" indicates a height of the bit line B/L; "W" indicates a thickness of the bit line 
B/L; "S" indicates an interval between the neighbor bit lines B/L; "H" indicates an interval 
between the bit line B/L and the upper metal wire M2; "C01" indicates a first inter-capacitance; 
"C1 1" indicates a second inter-capacitance; and, "C12" indicates a third inter-capacitance. 
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[0005] The first to third inter-capacitances according to the SAKURAI Mode! are as 

follows: 



[0006] C01te=U5X(WD^ 



[0007] 



CI 1/ G ox=(0.03 X ( fF/O) + 0.83(r/D)) X {SID)- 1 .34 



[0008] C12/wx=L15X(JT//0+2.80(r/D)X 

[0009] The total capacitance C generated at the bit lines due to the first to the third 
inter-capacitances becomes as follows: 

[0010] C = C01 +2C11 + C12. 

[0011] As shown in the aforementioned equations, it is noted that in the coupling 
capacitances, the thickness W of the bit line pattern and the interval S between the bit lines 
are important components. Namely, in order to reduce the bit line capacitances, it is efficient 
to decrease the thickness W of the bit line and increase the interval S between the neighbor 
bit lines. However, if the thickness W of the bit line and the interval S between the neighbor 
bit lines are excessively decreased, the bit line resistance is increased. Therefore, it is 
necessary to find optimum conditions for considering two components, that is, the thickness 
W of the bit line and the interval S between the neighbor bit lines. However, although the 
optimum conditions are taken by using the aforementioned equation and simulation, it is 
difficult to actually apply the optimum conditions to the bit line forming process. 

[0012] Shown in Fig. 2 is a layout diagram illustrating a problem due to the 
conventional method of forming a bit line of a flash device. Referring to Fig. 2, the bit line B/L 
is formed vertically with respect to the lower word line W/L. In this figure, a dot line indicates a 
final bit line pattern, and a solid line indicates a bit line pattern formed using conventional 
processes. As shown in Fig. 2, S10 indicates a target interval between the bit lines, and S20 
indicates an interval between the bit lines formed using conventional processes. In other 
words, the target interval S10 between the bit lines becomes larger than the interval S20 
between the bit lines. Therefore, according to the aforementioned equation, the capacitance 
C1 1 becomes large and the total capacitance of the bit lines B/L is increased, whereby a 
serious problem caused by RC delay is generated. 

[0013] Shown in Figs. 3A to 3C are cross-sectional views taken by a IMP line in Fig. 
2. Referring to Fig. 3A to 3C, a barrier film 14 and an interlayer insulation film 16 are 
sequentially formed on the semiconductor substrate 10, on which a word line (not shown) and 
a bit line contact plug 12 are formed. A bit line trench 20 is formed by etching the interlayer 
insulation film 16 and the barrier film 14 using a photosensitive film pattern 18. A bit line 30 is 
formed by, for example, carrying out a planarization process using a chemical and 



mechanical polishing process after burying metal in the bit line trench 20. However, it is 
difficult to hold the interval S10 between the target bit lines 30 because a part of the 
photosensitive film pattern 18 is also etched in the etching process for forming the bit line 
trench 20. Furthermore, there is a problem that the interval S10 between the bit lines 30 is 
decreased because a part of the inter insulation film 16 also is etched in a cleaning process 
prior to the process of burying metal. A dot line of Fig. 3B indicates a shape of the target bit 
line trench, and a solid line of Fig. 3B indicates a shape of the bit line trench formed actually 
after carrying out the etching process. As shown in these figures, it is difficult to set the 
interval between the bit lines, that is, difference between S10 and S20 to target critical 
dimensions. Generally, in the etching process for forming the bit line trench 20, a thickness of 
about 25nm of the interlayer insulation film 16 is lost, and in the cleaning process prior to the 
process of burying metal, thickness of about 30nm of the interlayer insulation film 16 is lost. 



SUMMARY OF THE INVENTION 

[0014] Accordingly, the present invention is contrived to solve the problems, and is 
directed to a method of forming bit line of a flash device, capable of reducing loss of an 
interlayer insulation film between bit line patterns by forming a bit line hard-mask pattern prior 
to forming a bit line mask pattern, and preventing an interval between bit lines from being 
decreased by controlling conditions of a cleaning process prior to forming of a metal film. 

[0015] One aspect of the present invention is to provide a method for forming a bit 
line of a flash device, comprising the steps of forming a barrier film, an interlayer insulation 
film, and a metal hard-mask film sequentially on a semiconductor substrate, on which a bit 
line contact plug is formed; forming a metal hard-mask film pattern for opening a bit line area 
corresponding to the bit line contact plug by, for example, patterning the metal hard mask film; 
forming a bit line trench by, for example, etching the interlayer insulation film and the barrier 
film using the metal hard-mask film pattern as an etching mask; forming a bit line metal film to 
bury the bit line trench; and removing the bit line metal film and the metal hard mask film on 
the interlayer insulation film by; for example, carrying out a planarization process. 

[0016] The method also can include between the step of forming the bit line trench 
and before the step of forming the bit line metal film, a step of cleaning the bit line trench by, 
for example, carrying out a dry cleaning process using plasma or a cleaning process by high- 
frequency sputtering. 

[0017] In another embodiment of the present invention, the dry cleaning process is 
performed using a mixed gas of CF 4 and 0 2 and NF 3 gas, and the cleaning process by high- 
frequency sputtering is performed using Ar gas. 



[0018] In another embodiment of the present invention, the metal hard-mask film 
and the bit line metal film are formed using the same metal material. 

[0019] In another embodiment of the present invention, the metal hard-mask film is 
formed using tungsten (W) with a thickness in the range of 500 A to 1000 A to endure 
significantly as an etching barrier in the subsequent process of etching the interlayer 
insulation film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects, advantages and features of the present 
invention will become apparent from the following description of preferred embodiments given 
in conjunction with accompanying drawings, in which: 

[0021] Fig. 1 is a cross-sectional view illustrating a problem due to a decrease in a 
pattern size between bit lines of the conventional flash device; 

[0022] Fig. 2 is a lay-out diagram illustrating a problem due to a conventional 
method of forming a bit line of a flash device; 

[0023] Figs. 3A and 3C are cross-sectional views taken along ll-ll' line in Fig. 2; 

[0024] Fig. 4 is a lay-out diagram showing. a bit line of a flash device according to 
the present invention; and, 

[0025] Figs. 5A to 5D are cross-sectional views taken along V-V* line in Fig. 4 for the 
purpose of illustrating a method for forming a bit line of a flash device according to the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0026] Now, embodiments of the present invention will be described in detail with 
reference to accompanying drawings. However, present invention is not limited to the 
embodiments disclosed in the following description, but can be implemented into various 
changes and modifications. Thus, these embodiments according to the present invention are 
intended to inform those skilled in the art of a scope of the present invention. The same 
component in the drawings is referred to the same numeral. 

[0027] Shown in Fig. 4 is a lay-out diagram showing a bit line of a flash device 
according to the present invention. Referring to Fig. 4, a bit line B/L pattern is formed using a 
patterning process on a semiconductor substrate, on which word line W/L, DSL, SSL, and bit 
line contact plug 1 1 2 are formed. The bit line B/L of the present invention are allowed to 
constantly hold an interval between target bit lines by controlling conditions of a hard-mask 



film forming process and a cleaning process. Now, an aspect of a manufacturing method of a 
NAND flash device with a level of 100 nanometers or less will be described. It is preferable 
that a thickness of the bit line B/L is about 2500 A and a pitch of the bit line is about 270 nm. 

[0028] Figs. 5A to 5D are cross-sectional views taken by a V-V line in Fig. 4 for the 
purpose of illustrating a method of forming bit line of a flash device according to the present 
invention. Referring to Fig. 5A, a bit line contact plug 1 1 2 is formed by patterning a first 
interlayer film 1 14 on a semiconductor substrate 1 10 on which various elements including 
semiconductor elements such as transistors and capacitors can be formed. A barrier film 116, 
a second interlayer insulation film 118, and a metal hard-mask film 120 are formed on the 

semiconductor substrate 1 10, on which the bit line contact plug 1 12 is formed. 

? 

[0029] The first interlayer insulation film 1 14 is formed on the whole structure and 
patterned to form a contact hole (not shown) for opening junction of the DSL transistor, 
whereby the DSL, the SSL, and the cell string (i.e. the word line W/L) are isolated from each 
other. At that time, it is preferable that the bit line contact plug 1 12 is formed by burying metal 
in the contact hole. 

[0030] A barrier film 116, which protects lower structures and prevents them from 
being etched in the subsequent etching process of forming the bit line trench, is formed on the 
first interlayer insulation film 114. Preferably the barrier film 1 16 is formed using materials 
that have etching selectivity larger than that of the first and the second interlayer insulation 
films 114, 118. Preferably that the second insulation film 1 1 8 is formed by use of materials 
having lower permittivity as materials in which the bit line pattern is to be formed. Preferably 
the first and the second interlayer insulation films 114, 118 are formed by one or more 
materials selected from the group consisting of boron phosphorus silicate glass (BPSG) 
based oxide, phosphorus silicate glass (PSG) based oxide, fluorinated silicate glass (FSG) 
based oxide, tetra ethyl ortho silicate (PE-TEOS) based oxide, plasma enhanced SiH 4 (PE- 
SiH 4 ) based oxide, high density plasma (HDP) undoped silicate glass (USG) based oxide, 
HDP PSG based oxide, and advanced planarization layer (APL) oxide. When the first and the 
second interlayer insulation films 114, 118 are formed using the aforementioned materials, 
preferably the barrier film 1 16 is formed by plasma-enhanced based PE nitride and/or 
oxynitride. The aforementioned etching selectivity means that etching ratios in the first and 
second films made of different materials are different in the case of etching the first and 
second films under predetermined etching conditions. For example, when an oxide film and a 
nitride film are exposed in a predetermined etching gas, the oxide film is etched by 10 A 
thickness per second, and the nitride film is etched by 1 A thickness per second. This is 
referred to as "difference etching selectivity." In addition, this means that the nitride film is not 
etched well but the oxide film is etched well under predetermined conditions. 



[0031] Preferably that the metal hard-mask film 120 is formed by use of materials 
which are the same as a metal film constituting the bit line, so as to easily remove the metal 
hard-mask film 120 from the second interlayer insulation film 1 18 in a subsequent 
planarization process using chemical and mechanical processes after burying metal in a bit 
line trench. Preferably the metal hard-mask film 120 is formed by use of materials having 
etching selectivity larger than that of the second interlayer insulation film 118. Therefore, it is 
possible to prevent critical dimensions of the bit line from being broader in the following 
etching process of forming the bit line trench and cleaning process. In this embodiment, it is 
preferable that the metal hard- mask film 120 is formed using tungsten (W) film. The thickness 
of the tungsten film should be sufficient to endure as an etching barrier in the following 
process of etching the oxide film. Preferably the tungsten film has a thickness of about 500 A 
to 1000 A. 

[0032] Referring to Figs. 5B and 5C, a bit line trench 124 is formed by patterning the 
metal hard-mask film 1 20, the second interlayer insulation film 1 1 8, and the barrier film 1 1 6. 
At that time, a part of the first interlayer insulation film under the trench also is etched, thereby 
enhancing electrical contact with the lower bit line contact plug 112. 

[0033] A photosensitive film pattern 122 for opening an area where the bit line is to 
be formed is formed by carrying out a photo etching process using a bit line mask after 
coating the photosensitive film on the whole structure. Preferably the metal hard-mask film 
pattern is formed by etching the metal hard-mask film 120 using the photosensitive film 
pattern 122 as an etching mask. Then, the photosensitive film pattern is removed and 
subsequent processes are carried out. The metal hard-mask film 120 is formed to have a 
shape, that is the same as the target bit line pattern. A pattern of the hard-mask film 120 is 
formed to open only the second interlayer insulation film 1 18 of the bit line, so that the metal 
hard mask film 120 remains on an area between the bit lines. Preferably a pattern width of 
the remaining metal hard-mask film 120 is the same as S1 10 shown in Fig. 4. Preferably SF 6 
gas is included in the etching process of the metal hard-mask film 120 using tungsten (W). 

[0034] The second interlayer insulation film 1 18 is etched by carrying out an etching 
process for using the metal hard-mask film 120 as an etching mask. Preferably a bit line 
trench 124 is formed by etching the exposed barrier film 116 and a part of the first interlayer 
insulation film 114. However, the bit line trench 124 can be formed by etching the second 
interlayer insulation film 118 and the barrier film 116, and over-etching a part of the first 
interlayer insulation film 114, using the metal hard-mask film 120 as an etching mask. 

[0035] Referring to Fig. 5D, the bit line trench 124 is cleaned by carrying out a 
cleaning process and then the bit line metal film (not shown) is deposited to be buried in the 
bit line trench 124. A bit line 130 is formed by removing the bit line metal film and the metal 
hard-mask film 120 on the second interlayer insulation film 118 using a chemical and 



mechanical polishing process. At that time, over-planarization process may be carried out to 
electrically isolate between the bit lines. 

[0036] Preferably the cleaning process is a dry cleaning process using plasma or a 
cleaning process by high frequency sputtering. The reason is that when a wet cleaning 
process is carried out, cleaning solution thereof generates loss of the second insulation film 
118 under the metal hard-mask film 120. Accordingly, when the dry cleaning process using 
plasma or the cleaning process using the high-frequency sputtering is carried out, the metal 
hard-mask film 120 is used as an etching protection film to prevent the lower second 
interlayer insulation film 118 from being etched and prevent critical dimensions of a pattern of 
the bit line 130 from being broaden (or, prevent critical dimensions between the bit lines from 
being decreased). Preferably the dry cleaning process is carried out using a microwave 
plasma turn-on apparatus in a mixed gas of CF 4 and 0 2 and NF 3 gas under a high pressure 
and a low voltage. The high frequency sputtering means that a high frequency etching 
process is carried out prior to a metal film depositing process, and the sputtering is preferably 
carried out using a high frequency bias in argon (Ar) gas. 

[0037] The bit line metal film can be formed using any one of tungsten (W), 
aluminum (Al), and copper (Cu). In this embodiment, it is preferable to form the bit line metal 
film using tungsten (W). 

[0038] Preferably the planarization process is carried out to remove the metal film 
formed on the second interlayer insulation film 118. The metal hard-mask film 120 on the 
second interlayer insulation film 118 also can be removed at the same time of forming a 
pattern of the bit line 130 by carrying out only the chemical and mechanical polishing process. 
Furthermore, since the bit line metal film and the metal hard-mask film 120 are made of the 
same materials, the process of removing the metal hard-mask film 120 is not required any 
longer. 

[0039] Accordingly, it is possible to significantly prevent decreases in the critical 
dimensions between the bit lines, considered as a problem in the conventional bit line forming 
process. Therefore, the bit line formed along the forming processes of the present invention 
is capable of constantly holding a thickness W of the bit line and an interval S between the bit 
lines. 

[0040] As described above, according to the present invention, it is possible to 
reduce loss of the interlayer insulation film between the bit line patterns by forming the bit line 
metal hard-mask pattern prior to forming the bit line mask pattern. 

[0041] Furthermore, it is possible to prevent an interval between the bit lines from 
being decreased by controlling conditions of the cleaning process prior to forming the metal 
film. 



[0042] Furthermore, since the metal hard-mask film is also removed at the same 
time of carrying out the planarization process of forming the bit line, an additional process of 
removing the metal hard-mask film is not required. 
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